H uman campylobacteriosis, a notifiable disease in Canada, is the most common cause of bacterial enteric infections among persons in Canada; in 2005, the incidence rate of campylobacteriosis was 30.9 cases per 100,000 population (1) . In chickens, Campylobacter spp. are not clinically relevant; however, the presence of these bacteria in poultry represents a potential threat to public health (2) .
Ciprofloxacin, a fluoroquinolone antimicrobial drug, is indicated for the treatment of respiratory, urinary, skin, and bone/joint infections and gastroenteritis in adults (3) . In 2008 in Canada, fluoroquinolones were the fourth most frequently dispensed class of antimicrobial drug (dispensed for oral use by retail pharmacists; www.phac-aspc.gc.ca/ cipars-picra/2008/4-eng.php#Hum0). A study investigating antimicrobial drug use and resistance in 2 health units in Ontario found that ciprofloxacin was the antimicrobial drug most frequently used to treat human campylobacteriosis (4). Fluoroquinolones are considered "critically" or "very" important to human medicine by the World Health Organization (5) and the Veterinary Drugs Directorate (VDD), Health Canada (6). The veterinary fluoroquinolones enrofloxacin and danofloxacin are VDD Category I antimicrobial drugs labeled for use in companion animals and beef cattle, but they are not labeled for use in poultry. The VDD has established a policy recommending against the extra-label use of Category I antimicrobial drugs in food-producing animals (7); however, Canada does not have legislation restricting this extra-label use.
The Study
The Canadian Integrated Program for Antimicrobial Resistance Surveillance (CIPARS), Public Health Agency of Canada, collects samples of fresh chicken, beef, and pork from retail outlets in British Columbia, Saskatchewan, Ontario, Québec, and Maritimes (New Brunswick, Nova Scotia, and Prince Edward Island) on a routine basis and cultures them for select bacteria. Retail food samples best reflect the level of consumer exposure to drug-resistant foodborne bacteria. Methods used for sample collection, culture, and antimicrobial drug-susceptibility testing are described in the CIPARS annual reports (www.phac-aspc. gc.ca/cipars-picra/2008/6-eng.php#Ant).
Up Another antimicrobial drug-use practice might play a role in ciprofloxacin resistance. Tetracyclines are labeled for use in broiler chickens. Across the regions sampled by CIPARS, a high proportion (64%) of ciprofloxacin-resistant Campylobacter isolates were also resistant to tetracycline. Although the prevalence rates for ciprofloxacin and tetracycline resistance were quite different, the resistance trends in British Columbia and Saskatchewan were strikingly similar in shape. Tetracycline resistance was significantly associated with ciprofloxacin resistance in isolates from British Columbia and Saskatchewan (odds A similar phenomenon has recently been noted among Campylobacter spp. recovered from domestically raised and imported broiler chickens in Denmark (13). We currently have no explanation for this observation; gyrA mutation and overexpression of the multidrug-resistant efflux pump CmeABC (14) , as a result of exposure to ciprofloxacin and ciprofloxacin/tetracycline, respectively, might have played a role. Molecular investigations of organisms isolated from retail chicken by CIPARS have yet to be conducted. Another factor to consider is the importation of poultry products. CIPARS collects raw, fresh (never frozen) chicken primarily produced and distributed in Canada. It is possible that a small proportion of the fresh retail meat sampled originated in other countries, but the volume of imported meat (≈75 tonnes [167 million pounds] or 7.5% of the previous year's production; [15] ) is unlikely to explain the regional increase in Campylobacter spp. resistance. Furthermore, importation of meat is not restricted to only British Columbia and Saskatchewan (www.international.gc.ca/controls-controles/prod/agri/chicken-poulet/ index.aspx?menu_id = 26&view = d). According to trade agreements, ≈141 million chicks/eggs (≈21.1% of the previous year's grown broiler production) are imported annually from the United States. These imported broiler chicks/eggs might be an additional source of drug-resistant subtype introduction into the Canadian poultry production system. To evaluate the prevalence of resistance in domestically raised flocks, the CIPARS abattoir component added Campylobacter spp. surveillance in chickens in 2010. From this surveillance, 4/111(4%) isolates from domestically raised chicken ceca were resistant to ciprofloxacin, 3 from British Columbia, and 1 from the Maritimes, confirming the potential domestic origin of these strains in retail chicken.
Conclusion
The Public Health Agency of Canada is concerned by the emergence of resistance to ciprofloxacin, which is critically important for treatment of Campylobacter spp. infection in humans. Extra-label use of fluoroquinolones in the broiler breeder or broiler chicken sectors might have contributed to the emergence of this resistance. The role of importation of poultry products as a potential source of resistant strains requires further investigation. The broiler industry is collaborating with CIPARS to create a farm surveillance program, which would capture data on antimicrobial drug use and resistance.
Veterinary fluoroquinolones are not labeled for use in poultry in Canada. The VDD policy recommends against the extra-label use of Category I antimicrobial drugs in food-producing animals. More research is required to assess mechanisms responsible for the trends observed for tetracycline and ciprofloxacin resistance. Furthermore, genotyping of isolates from humans and chickens (retail and/ or abattoir) from British Columbia and Saskatchewan is required to determine if strains are epidemiologically related.
